Conclusions. In contrast to common dictum, depression does not seem to be an antecedent to heavy cigarette use among teens. However, current cigarette use is a powerful determinant of developing high depressive symptoms.
D
espite reductions in adult tobacco use and increasing attention to smoking prevention programs, the prevalence of adolescent smoking has remained relatively stable and may even be increasing in some groups. 1 Recent studies have found that 28% to 36% of teens are current smokers. 2, 3 Recent work also indicates that lifetime prevalence of depression in adolescents parallels rates observed in adults. Depending on the study, adolescent lifetime prevalence rates for depression of 15% to 20% have been observed, and the proportion of adolescents reporting significant depressive symptoms has increased in recent years. 4, 5 Depressive symptoms as measured by such scales as the Centers for Epidemiologic Studies-Depression Scale (CES-D) 6 seem to distinguish depressed from nondepressed adolescents 7 and predict onset of major depressive disorders. 8, 9 Although many potential risk factors for both tobacco use and depressive symptoms in adolescents have been identified, there is little consensus on their determinants.
Typically, increased likelihood of smoking initiation and progression have been viewed as consequences of depression. 3,5,10 -13 Cross-sectional studies of adolescents suggest that smokers are likely to report more depressive symptoms than are nonsmokers. 14 The evidence from longitudinal studies is less clear, however. Wang et al 3 report on 4032 participants in the 1989 and 1993 Teenage Attitudes and Practices Survey who did not smoke regularly at baseline. Smoking initiation over 4 years was unrelated to a 6-item depressive symptoms measure. This scale did predict the progression to regular smoking among those who had tried tobacco use at baseline. In contrast, Patton et al 12 followed 2032 fourteen-and 15-year-olds in Victoria, Australia, over 3 years. They used a revision of the Clinical Interview Scale to assess symptoms of anxiety and depression. Although there were no main effects of this measure on tobacco use, both smoking initiation and progression to regular smoking were associated with the interaction of the anxiety/depression scale and peer tobacco use. In contrast, a study of 1004 fifteen-to 16-yearolds followed for ϳ10 years by Kandel et al 15 found that cigarette use was predictive of lower psychological mood. Differing time frames, cultural contexts, depression measures, and included covariates may account for the different findings of these studies.
Although potential genetic and family environment influences on development of depression in adolescents have been stressed, 5 several of the social and psychological risk factors for tobacco use have also been implicated in the development of depression, including low socioeconomic status, poor school performance, low self-esteem, stressful life events, and conduct disorders. 13, 16 Differences in patterns of determinants have been noted as well: female gender and nonwhite race/ethnicity have been associated with greater risk for depression but reduced risk for smoking. 17 However, available studies offer neither an empirical nor a conceptual basis for the relationships between any of these factors, smoking, and symptoms of depression.
In the current study, we used data from the recent National Longitudinal Study of Adolescent Health (Add Health) to assess the nature and direction of the relationship between cigarette smoking and depression among teens. First, in the nondepressed sample, the likelihood of development of significant depressive symptomatology over 1 year is explored as a function of baseline tobacco use among 8704 teens who were not depressed at baseline. Next, in the noncurrent smokers sample, the likelihood of smoking initiation and progression to moderate to heavy use over 1 year is explored as a function of depressive symptoms among 6947 teens who were not current smokers at baseline. The smoking/depression relationship is examined in models that also account for other socioeconomic, psychological, and behavioral determinants of these outcomes. We hypothesized that, in addition to depression acting as an antecedent to initiation and progression of cigarette smoking among adolescents, current adolescent cigarette use would function as a determinant of depression among teens.
METHODS
This article uses weighted data from wave 1 and wave 2 of the in-home survey of Add Health. 18, 19 Details of the design and data collection of this study are published elsewhere. 18, 19 Of the 18 922 teens in the weighted wave 1 in-home sample, 82% (n ϭ 15 483) had a biological parent, step-parent, foster parent, or adoptive parent who was the parental respondent for a parental in-home interview. Seventy-four percent of these youth (n ϭ 11 495) were reinterviewed 1 year later (wave 2). Those in grade 12 at baseline and the disabled subsample were not reinterviewed. Thus, the attrition rate was ϳ10%. For the current study reported herein, 2 subpopulations were identified from those who had completed follow-up. For the first sample, 8704 adolescents with CES-D scores below cutoffs determined to be predictive of major depressive disorder among teenagers and who answered the items assessing baseline smoking were identified for analyses of the effects of cigarette smoking on development of high depressive symptomatology in teens. 7, 20 For the second sample, 6947 teens who had not smoked cigarettes in the 30 days before the baseline survey were identified for analyses on the effect of baseline high depressive symptoms on predicting smoking at least 1 pack per week at 1 year of follow-up. CES-D scores could vary in this sample, which, therefore, included both depressed and nondepressed teens.
Description of Created Variables

Tobacco Use
Teens who indicated that they had never tried cigarette smoking, not even 1 or 2 puffs, were considered to have never smoked. Those who indicated that they had tried smoking a whole cigarette but had smoked on zero days in the past 30 days were considered experimenters. Teens who had smoked in the past 30 days were considered current smokers. By multiplying the number of cigarettes smoked per day by the number of days the teen smoked in the past 30 days, current smokers were further categorized into those smoking Ͻ1 pack per week (Ͻ80 cigarettes per 30 days), those who smoked between 1 pack per week and 1 pack per day (between 80 and 599 cigarettes per 30 days), and those smoking at least 1 pack per day (at least 600 cigarettes per 30 days). For analyses determining depression's effect on initiation and progression of smoking, a dichotomous dependent variable was created indicating those who smoked at least 1 pack per week at 1-year follow-up, who are thereafter referred to as moderate to heavy smokers.
Depression
The CES-D is a 20-item scale that was developed to measure depressive symptomatology in the general population. 6 An 18-item modified version of the CES-D (Cronbach's ␣ ϭ .87) is available in Add Health. 20 The full CES-D score was imputed from the sum of these 18 items corrected for the number of missing items. From these, a dichotomous variable was created using cut-points of 24 for females and 22 for males which maximize the sensitivity (83.7) and specificity (75.2) of the CES-D for predicting major depressive disorder among adolescents. 7 Those scoring above the cut-points were considered to have high depressive symptomatology.
Demographics
Gender was assessed during the in-school interview and validated by the in-home interviewer. Age was calculated as the interview date minus the birth date and then rounded for multivariate analyses. Subjects were asked to indicate racial/ethnic identities. Those who indicated Ͼ1 racial identity were asked to choose their predominant racial affiliation. Categories included white, non-Hispanic; black, non-Hispanic; Hispanic; Asian/Pacific Islander; and other.
Socioeconomic Status
Household income and highest parental education were used as measures of socioeconomic status. These were assessed in the parental interview. Both measures have 5 ordered categories and have been used in other studies. 20, 21 Income was classified into 5 ordered levels based on 1994 federal poverty thresholds adjusted for household size taken from household income tables available from the US Census Bureau. For education, categories were: less than high school degree; high school degree, GED, or vocational training instead of high school; vocational training after high school or some college; college graduate; and professional training beyond college.
Covariates
Covariates included other potential psychological and behavioral determinants of cigarette smoking and depression available from both parent and teen interviews. Adolescents reported selfrated health, grade point average (GPA), self-esteem, trouble relaxing (a measure of anxiety), delinquency, alcohol and other drug use, and number of 3 best friends who smoke (a measure of peer smoking). Higher scores on these scales represent worse health, lower GPA or self-esteem, increased anxiety, more delinquency, more alcohol and other drug use, and more peer smoking. The parental respondent reported whether mother or father had a problem with alcoholism, how well he/she understood the teen, how well he/she and the teen got along, how he/she thought that the teen's life was going, how satisfied he/she was with their relationship with the teen, and whether the teen had a bad temper. A description of covariates can be found in Table 1 .
Data Analyses
Add Health sample weights, which compensate for differences in probability of selection caused by the cluster sampling design, were used. 19, 22 Descriptive frequencies and means were generated with SPSS for Windows, Version 10.0 (SPSS, Inc, Chicago, IL). For statistical significance testing, SUDAAN (Research Triangle Institute, Research Triangle Park, NC) was used to control for the complex cluster design of Add Health. 2 tests were performed to determine bivariate associations between categorical independent variables and the outcomes of high depressive symptomatology and smoking at least 1 pack per week at 1-year follow-up. Student's t tests were performed to determine significant predictors of the 2 outcomes for continuous independent variables.
Logistic Regression Modeling
Multiple logistic regression modeling was performed to determine whether cigarette smoking was an independent predictor of high depressive symptomatology at 1 year among teens who were nondepressed at baseline and whether high depressive symptomatology was an independent predictor of smoking at least 1 pack per week at 1-year follow-up among teens who were noncurrent smokers at baseline. Models were built sequentially. Model 1 included basic sociodemographic measures and the predictor of interest (current smoking for predicting depression and current high depressive symptoms for predicting heavy smoking). Model 2 added baseline levels of the dependent variable of interest. Model 2A added any significant interactions between the predictor of interest and: 1) sociodemographic variables or 2) baseline levels of the dependent variable. Model 3 added follow-up levels of the predictor of interest. Model 4 added covariates. Models were built in this order to first establish the relationship between smoking and depression controlling for sociodemographic variables. Then, once this relationship was established, covariates were added to determine whether the relationship remained independent when controlling for known correlates. A final condensed model was then run with only variables significant in the previous model controlling for covariates. Because parental education and household income were colinear, only parental education was included in multivariate modeling, because this measure is a more stable indicator of socioeconomic status than is yearly household income. Separate models, including income and not education, were tested but are not presented here because the results were similar (available from the first author). Means are presented with their standard deviations. For the logistic models, odds ratios (ORs) and 95% confidence intervals (CIs) are reported.
RESULTS
A description of selected characteristics of the 2 populations is found in Table 2 . Gender representation was nearly equal in both populations. Both populations were primarily white, non-Hispanic, although there were slightly more minority adolescents among the nonsmokers. More than one half of each population were from families without a college-educated parent and two thirds were living in families with household incomes below 4 times the federal poverty threshold. Mean age of the nondepressed sample was 15.48 Ϯ 1.59, and for the noncurrent smokers sample, 15.32 Ϯ 1.58. Ages ranged from 11.43 to 21.23 years old in both samples.
Smoking Behaviors
Table 2 also reveals that among the nondepressed sample at baseline, 53.4% had never smoked, 19.6% had experimented with cigarettes, 15.4% had smoked Ͻ1 pack per week in the 30 days before the baseline survey, and 11.6% were moderate to heavy smokers. Over the 1-year follow-up period, smoking behaviors of 62.7% remained unchanged, 15.6% reduced their cigarette consumption, and 21.7% increased their cigarette use. More than one third (36.8%) of those whose smoking behaviors progressed became moderate to heavy smokers. At follow-up, 15.7% of teens who were nondepressed at baseline were moderate to heavy smokers.
In the noncurrent smoker sample, Table 2 indicates that 72.2% of these teens had never smoked. Of never smokers, 16.8% initiated smoking in the follow-up period, and 35.9% of teens who had experimented with cigarettes at baseline progressed in their smoking behavior. At follow up, 3.7% of noncurrent smokers at baseline had become moderate to heavy smokers.
Depressive Symptomatology
Mean CES-D score among those who did not have high depressive symptomatology at baseline was 10.0 Ϯ 5.8. Table 2 shows that the 1-year incidence of developing high depressive symptomatology in this group was 6.3%. Among those who developed high depressive symptomatology, the median CES-D score was 16.7. Overall, the mean CES-D score at wave 2 among those who did not have high depressive symptomatology at baseline was 10.7 Ϯ 7.3.
Among those who were not current smokers, 6.4% had high depressive symptomatology at baseline (Table 2 ). Of those, 40.6% (2.6% total noncurrent smokers) also had high depressive symptomatology at 1-year follow-up. It is not clear whether this represents persistent or recurrent high levels of depressive symptoms: 3.8% reported high depressive symptomatology at baseline only and 4.5% at 1-year follow-up only. The remaining 89.1% did not report high depressive symptomatology at either wave 1 or wave 2. The mean CES-D score at wave 1 was 10.6 Ϯ 7.4. At wave 2, the mean CES-D score was 10.8 Ϯ 7.6. Female gender was significantly associated with high depressive symptomatology at baseline among those from the total Add Health population who completed follow-up (12.0 vs .9%; P Ͻ .0001). However, in this study sample, which excluded those with high depressive symptomatology at baseline, gender was not associated with developing high depressive symptomatology at follow-up (6.9% vs 5.8%; P ϭ .10). The other sociodemographic factors were all significantly associated with developing high depressive symptomatology. Teens with high depressive symptomatology at follow-up were older (mean age: 15.8 Ϯ 1.6 years vs 15.4 Ϯ 1.6 years; P Ͻ .0001). White, non-Hispanic teens were least likely to develop high depressive symptomatology over the year (5.5%), followed by Asian teens (6.6%), black, non-Hispanic teens (8.4%), and Hispanic teens (8.6%). Teens of other race/ethnicity had the highest incidence of high depressive symptomatology (12.5%; P Ͻ .01). Lower household income and lower parental education were also both associated with depression (P Ͻ .001 for both). Current smoking at baseline had a strong relationship to the development of high depressive symptomatology. Nondepressed teens who were current smokers at baseline were more than twice as likely to develop high depressive symptomatology than were nondepressed teens who were not current smokers at baseline (10.5% vs 4.8%; P Ͻ .0001). Smoking behavior at 1 year was also highly associated with reporting high depressive symptomatology. At wave 2, 4.8% of teens who never smoked reported high depressive symptomatology compared with 5.7% of experimenters, 7.6% of current smokers who smoked Ͻ1 pack per week, 9.6% of current smokers who smoked between 1 pack per week and Ͻ1 pack per day, and 12.0% of current smokers who smoked at least 1 pack per day (P ϭ .0001). All covariates were significantly associated (P Յ .001) with developing high depressive symptomatology except for reporting an alcoholic parent. Although having an alcoholic parent was associated with baseline high depressive symp- ARTICLEStomatology (12.7% vs 8.4%; P Ͻ .001), among teens who did not report high depressive symptomatology at baseline, an alcoholic parent was not statistically associated with developing high depressive symptomatology at 1 year (7.5% vs 5.9%; P ϭ .10).
Associations With Smoking at Least One Pack per Week at Follow-Up Among Baseline Noncurrent Smokers
Sociodemographic factors (including age, gender, household income, and parental education) were not significantly associated with progressing to smoking at least 1 pack per week. However, race was significantly associated with this outcome. White teens were more likely to become moderate to heavy smokers than were other teens, whereas black youth were the least likely to become moderate to heavy smokers (P Ͻ .0005). Previous experimentation with smoking was also significantly associated with becoming a moderate to heavy smoker (9.4% experimenters vs 1.6% never smokers; P Ͻ .00005). Those with high depressive symptomatology were more than twice as likely to become moderate to heavy smokers (9.0% vs 3.4%; P Ͻ .01). All covariates except fair to poor self-rated health were significantly associated with becoming a moderate to heavy smoker (P Ͻ .01 for all).
Multiple Logistic Regression Modeling
Predicting the Effect of Baseline Current Smoker Status on Developing High Depressive Symptomatology at Follow-Up Among Baseline Nondepressed Teens
ORs and 95% CIs from logistic regression modeling to determine whether baseline current smoking increased the odds of developing high depressive symptoms at follow-up among those who were not depressed at baseline are presented in Table 3 . Having smoked cigarettes in the 30 days before the baseline survey was a strong predictor of developing high depressive symptoms at 1 year in all models. The odds of developing high depressive symptoms for baseline current smokers were ϳ4 times those for nonsmokers. This relationship remained even when controlling for covariates. The final model with all significant predictors of developing high depressive symptoms (current smoking status, black or other race, higher baseline depressive symptoms, and poor self-rated health) is presented in Table 4 .
Predicting the Effect of Baseline High Depressive Symptomatology on Smoking at Least One Pack per Week at Follow-Up Among Baseline Noncurrent Smokers
Results of hierarchical multiple logistic regression modeling to determine whether baseline high depressive symptoms have an independent effect on progression to smoking at least 1 pack per week at 1 year are presented in Table 5 . As shown, high depressive symptomatology at baseline increases the odds of becoming a heavy smoker more than twofold, even after controlling for sociodemographic factors, previous experimentation with smoking, and high depressive symptoms at follow-up (model 3). However, when covariates were added to the model, both high depressive symptoms at baseline and current high depressive symptomatology became nonsignificant (model 4). Testing of an interaction between baseline high depressive symptoms and peer smoking was also not significant in this model. The final logistic regression model with all significant predictors is presented in Table 6 . The single strongest predictor of becoming a moderate to heavy smoker was having experimented with cigarettes in the past (OR: 3.04; 95% CI: 1.93,4.88). Other significant independent predictors included black race (which was the only protective factor), more peer cigarette use, lower GPA, more alcohol use, and parent report of bad temper.
DISCUSSION
These analyses indicate that, among a nonclinical sample of adolescents who were not current smokers at baseline, high depression symptomatology was not an independent predictor of subsequent moderate to heavy smoking. This finding differs from earlier studies and review articles suggesting that depression, anxiety, or their interactions with other factors increased risk for smoking initiation or progression. 4, 5, 11, 14 These data extend the work of Wu and Anthony, who also found that depressed mood was not associated with introduction of tobacco use among young adolescents. 23 The current study demonstrates these same relationships in a larger, more diverse, and generalizable sample of adolescents.
While the finding regarding no significant role of * Adjusted for older age, female gender, race, and highest parent education. † Adjusted for older age, female gender, race, highest parent education, and baseline CES-D. ‡ Adjusted for older age, female gender, race, highest parent education, baseline CES-D, baseline CES-D ϫ current smoker, and smoking level at follow-up. § Adjusted for older age, female gender, race, highest parent education, baseline CES-D, baseline CES-D ϫ current smoker, smoking level at follow-up, poor self-rated health, GPA, number of other drugs, delinquency, lower self-esteem, trouble relaxing, alcohol use, bad temper, lower parent report of how teen's life is going, lower parent understanding of teen, lower parental satisfaction with relationship, and lower parent report of getting along with teen. depressive symptoms in the development of subsequent heavy smoking contradicted much of the literature, findings from this study confirmed the results of many recent studies of smoking progression. Nonsmokers at baseline were more likely to become moderate to heavy smokers if they reported previous experimentation with tobacco and peer cigarette use 3, 12 or poorer school performance. 24 As in previous studies, being of black and other races were protective from becoming a heavy smoker. 25, 26 This study also found that parental reports of whether the teen has a bad temper was predictive of becoming a moderate to heavy smoker. Although this factor has not been considered in previous studies, self-reported experiences of intense anger and irritability have been linked to smoking initiation and progression. 27 Parental report of a bad temper may be a proxy measure of these emotional states. In addition, parent-reported bad temper could signify other acting-out behaviors, anxiety, or unrecognized depression. Although parent-reported bad temper was significantly associated with trouble relaxing, CES-D scores, and drug and alcohol use in both subpopulations studied here, the relationships described herein did not substantively change when logistic models were run without this factor (data available from E.G.). Thus, parent report of bad temper was not confounding the relationship between depressive symptoms and heavy smoking in these analyses and colinearity was not a problem. Alternatively, the finding that previous smoking experimentation with cigarettes remains a strong predictor of progression to heavy smoking may indicate that depression led to the initial experimentation but that smoking is moderating the expression of depressive symptoms.
Because it seemed possible that depression played a different role in the progression from never smoking to current use than in the progression from experimentation to moderate to heavy use, we conducted additional analyses (available from E.G.). We found that in models that included the follow-up depression, baseline depression was not associated with follow-up experimentation or current use among those who had never smoked at baseline and that baseline depression was not associated with follow-up current or moderate-to-heavy use among those who had experimented at baseline. Although the comorbidity of depression symptoms and tobacco or other substance use have been considered in previous cross-sectional studies, 28 longitudinal studies of the development of depression in adolescents do not seem to have focused on these factors. High depressive symptoms were not predictive of smoking progression in this study. However, smoking was an antecedent of subsequent high depressive symptoms among adolescents who did not report such symptoms at baseline even when controlling for covariates. Also noted was an interaction between baseline depressive symptoms and current smoking: nonsmokers with more symptoms at baseline were slightly more likely to become depressed at follow-up than were smokers. These data suggest that the smoking/depression relationship is complex and dynamic. It may be that among adolescents who are not depressed smoking has greater impact for those with low depressive symptoms at baseline than for those with high depressive symptoms at baseline. For nonsmokers, the more depressive symptoms, the greater the likelihood of progression to high depressive symptoms. Because Add Heath did not assess previous episodes of depression, smokers may have had a previous depressive episode that would then increase their risk for development of high depressive symptoms at follow-up. However, because high depressive symptoms did not predict smoking behavior in these analyses, it is unlikely that the effect of current smoking on development of subsequent high depressive symptoms is simply a proxy for a past episode of depression.
Other antecedents of high depression symptoms in this study seem consistent with the literature. As in these analyses, teens who identified themselves racially as black, Hispanic, or other have been shown to be at greater risk for developing depression. 29 Onset of high depressive symptoms has also been associated with more depressive symptoms at baseline, 30, 31 poor self-rated physical health, 30, 32 and more negative self-assessments at baseline. 33 Although the Add Health survey permitted the examination of smoking and depression relationships in a much larger sample and with a broader set of potential covariates than in previous studies, several limitations of these analyses should be noted. First, the measures of anxiety, self-esteem, and other affective dimensions often associated with both smoking and depression used in Add Health data were not well-established; psychometric properties were not available for most measures in this study. Second, data were self-reported. No biochemical markers of tobacco use were available and diagnostic interviews to determine actual cases of major depressive disorder were not performed. The scope of the Add Health survey made collection of biochemical markers and diagnostic interviewing unreasonable. The CES-D was developed for use in large epidemiologic surveys of this type as a screen for depression. However, it should be noted that scores above the cut-points are predictive but not diagnostic of major depressive disorder. Third, measures of potential smoking and depression antecedents considered in previous studies (such as smoking expectancies, abuse history or other stressful life events, or other potential psychological states or traits, such as irritability or anger) were not assessed. Despite these limitations, Add Health provided a unique opportunity to examine the longitudinal relationships between 2 major public health problems-depression and cigarette smoking-in a broad community cohort of US adolescents. For health care providers, these data highlight the importance of providing anticipatory guidance regarding tobacco use to teenagers and of encouraging smoking cessation among adolescents who smoke in addition to including assessments of multiple areas of psychosocial functioning in health care visits, all of which are consistent with guidelines, such as Guidelines for Adolescent Preventive Services 34 and Bright Futures: Guidelines for Health Supervision of Infants, Children, and Adolescents. 35 We did not, however, examine the specific value of such guidance in the present study.
The findings of this study suggest a model for progression to heavy smoking in adolescents that draws on problem behavior, 36 physical dependence, 37 and social influence. 38, 39 Although depression would not be viewed as an antecedent of smoking in this framework, previous observations of a correlation of smoking and depression might be explained in a different way consistent with the findings reported herein that smoking is an antecedent of depression. The effect of smoking on the development of depression may be attributable to the impact of nicotine or other smoking by-product on central noradrenergic receptor systems. 40 Recent demonstrations of the efficacy of antidepressants in smoking cessation, independent of previous or current major depressive disorders, provide additional support for this view. 41 Future studies should explore the effects of treating smoking in nondepressed youths with these medications on subsequent development of depression.
